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(54) Skin substitute using marine organisms 

(57) There is provided a skin substitute that can suit- 
ably be used for covering the surface of a damaged skin 
area which is typically a wound produced by a traumatic 
local loss of the skin of the human body as a result of a 
burn or some other cause of damage It is a skin substi- 
tute of a laminate comprising a squid chitin sheet and a 
fish skir collagen coat layer, which may be a salmon 
skin collagen coat layer Such a sktn substitute effec- 
tively exoloits the suppleness and the effect of proving 
an environment for encouraging the production of lys- 
ozyme and defending the wouna of squid chitin and. at 
the same time, compensate the disaavan- tage of poor 
adhesion cf fibroolast cells that operate for curing the 
wound Additionally, the fibroblast cells adhering to a 
lamirate of a squid chitin sheet and a fish sktn collagen 
coat ayer showed a normal cell proliferation curve with- 
out any delayed initial rising phase to prove the former 
more satisfactory that cannot be expected from a lam - 
nate comprising a calf skin collagen coat layer Finally 
a DNA labeling index suostantially equal tothat of fibrob- 
last cells of normal human skm was observed 
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Description 

BACKGROUND OF THE INVENTION 
[Field of the invention] 

This invention relates to a sK,n suostitute wound-heaiing mate-iah mat can su.tably be used fo- covering the 
surlace =1 a 'aamagea sk,n area wh,ch s typicaily a wouna proofed by a traumatic loca ,oss of the sK,r of tne numan 

oody as a result of a burn or some other cause of damage 

[Prior Art] 

The SK,n comprises three layers of epidermis dermis aha hypodermis. When tne dermis is totally carraged^ 
-ocally as a resutt of a ourn cr for some other reason „ cannot be regenerated ana keicc appears on the cam a ge d 
area to rep ace L aermis Wh.le skin graft ,s a so,e method known to date for completely and perfectly restoring the 
s " 0Hne P aam r g ec area the only teazle source of sk,n that can be used for ,ransp,an,a,on is the patient hunger 
herse and * applicable, the other one of tne monozygotic twins. A number of sk,n substitutes cr aa,f,c,al ski have 
been prooosed to solve m.s problem Some of them are pu: to practical applications wn,le the others are st, I on the 

^"Z::^TZe been pu, to practical use include semisynthetic „lm o, various types preoared by 
.esvnt ne Slz ,nc t.ssues of organisms such as collagen film ,n the torm of nonwoven t.ssues of collagen obtained by 
I ,ne skin of swme (marketed ,n 1982) or that of bovine. cn„,n f,:m ,n the form o, nonwoven tissues of chitin 
obtained from crab shell (marked in 19=5) and chitm ,n the form of sheets obtained from squ,d pen «a^ao renned 

Ho°wTv d or Sq a U ny "the artificial sk,ns ,n=,ud,n g collagen f.im obtained from the sk,n of sw,ne or that of bovine and 
chit.r 2 7oi crab do not P rov,de a satisfactory suppleness nor a .officer* adh e s,on for ibrob as on the interface of 
the artifice skin ana the surface of a wound. Nor co they encourage the proliferation of fibroblast. 

^sheets of squ,d ch,t,n. which are still on the way of o, development, excel any Cher known comparab e 
products in terms of suppleness they are stil, no, satisfactory from tne viewpom, of aohes.on and orolifer a „on o, f, 
broblasts 

SUMMARY Or THE INVENTION 

in v.ew o, the above identified problems that are ,nev,table for any artificial sk,ns of ref.ned and isolated cells. ,t ^ 
theretoreTe obiect of the present mvennon to exploit tne advantages o, a sheet of spu.d ch,t,n that ,s supple and 
promotes tne production of Ivsozyme to protect the wouna and. at the same time, reso.ve the disadvantages that 
for heahn g the wound does not adhere to it satisfactorily and it does not particularly encourage the exoneration 
of S by forming a ,am,nate of a sheet o, squid cnitm and a layer of collagen of the fish skin obta.neo from sajmoa 
uouf waLye ool ack. f.ymg fish and shark that has not been used for artificial sk,n Such a lamina e can improve he 
adhesTon and proliferation of cells and prevent the transmutation o, normal cells into cancer cells by transforming 
factors in the course of cell proliferation 

According to the invention, the above object ,s achieved by providing a skin substitute using marine organisms 
and comprising a sheet of squ,d ch,t,n as a substrate and a lam.nar layer of tish sk,n collagen laid on the substrate 

BRIEF DESCRIPTION OF THE DRAWINGS 

F,q t shows the relationship between the v:scos,ty and the temperature o, a lam,nar collagen o, salmon sk,n that 
can be used for b skin substitute according lo the invention as oblamed ,n an expenmen, 

Rg 2 shows the change with time of the number of «,broblast cells adhered to a sk,n substitute according to the 

,nVe Fi? n 3 *hows the relationship between the number of proliferated fibroblast cells and the elapsed „me for a number 
of different" sk,n substitutes according :o the invention and having different thicknesses of the lam.nar collagen layer 

01 Sa F r4 Sows the relat,onsh, D between the number o< proliferated fibroblast cells and the elapsed tirna for a skin 
substitute according to the invention a skin substitute comprising a sou.c chitm sheet and a layer of ca.f sk.n collagen, 
a skin suostitute comprising only a squid chitm sheet 
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[Examole] 

A SKin sucstitute according to the invention is prepared by iam natmc a sneet of squia cmtn ana a laye r of laminar 
collaqer of fisn SKin by means of a Known appropriate technique Fo- example such a laminate can oe prepared by 
casting a sheet of scuic chitin. pouring collagen of fish skin and drymc octh the cnrtin and the collagen in a refrigerator 
for aoout a week 

Before describing the method of manufacturing a sheet cf sauid cmtin fcr the purpose of the invention and a known 
method of manufacturing crab chitin for comoanson some of the ma : or differences of the two different ch tms will be 
pointed out Tne chitin available from the squid pen is soft and called (i-chitm. wnich has a different crystal structure 
from that of the chitin from crao shell wnich is called a-chmn although the amount of tne chitin obtainable from a single 
is omy about 1/40 of that of the chitm extractable from a single crab :t is easy to swell with water and can be formed 
into a sheet relatively with ease It shows a nigner permeability to wate r vapor and a higher nygroscooioty than the 
cntir of crab to make it more surtabie for a skin substitute The chitin shews an excellent digestibility in the living body 
and as described above, encourages the production of lysozyme tc provide a good environment 'or defending the 
living body 

Since the squid chitin has a soft crystalline structure it can be easily disintegrated into water oy a simple device 
such as a mixer and does no: requires a complicated process of dissolving into a solvent, regeneration by formating 
a sheet with a binder as in the case of crab chitin Thus. ;he squid chitin provides an advantage of low energy cost 

In an example, a sheet of sguig chitin was produced by a batch type suction paper-making machine. 

1) A 3g of refined squid chitin was dispersed m a 300ml of distilled water and distntegratec into tne water by a 
mixer twice, with 40V for 5 mm and 70V for 10 mm. 

2) The sheet making solution was poured into a large Buchncr funnel of a batch type suction pacer-making machine 
having a bottom area of 0 024m 2 , a diameter of 17.5cm) to produce three different weights of 10. 20 and 40 (g/ 
m 2 ) and then subjected to a suction paper maKing process Teflon-made fitter paper was usedfor filtration in the 
process. 

3) Each of the produced squid chitin sheets having different thicknesses was then sandwiched between five sheets 
of teflon filter paper and a teflon panel and pressed under a pressure of 3kg/cm 2 for three 3) minutes and this 
press operation was repeated twice. 

4) The filter paper sheets were replaced with new ones and the produced squid chitin sheet was air-dried while 
being pressed under three telephone books 

5) The filter paper sheets were replaced again with new ones after four hours and the squid chitin sheet was dried 
further for 20 hours to produce the final product of a squid chitin sheet 

On the other hand, a crab shell chitin sheet was prepared by a homogenizing technique where the crab chitin was 
reduced to microfibril by mechanically applying high pressure Decause of a relatively hard crystalline structure The 
use of high pressure for producing a crab chitin sheet was determined by taking the possibility into consideration that, 
when the chitin was dissolved into a solvent the native microfibrillar structure of crab chitin can be destroyed to make 
the proauct heavily defective 

The technique used for the operation of oroductng a crab chitin sheet was as follows 

1 ) Distilled water was made to circulate in a 1 5MR-Laooratory Homogenizer available from Gaulin and the internal 
pressure was raised to 30.000kg/cm 2 before refined crab chttm (20 mesh) was slowly poured into the apparatus 
and homogenized until no granular crab chitin was observed in the suspension of crab chitin which was then used 
as tne raw solution for the subsequent papermaking process 

2) Thereafter, the above described papermaking process for squid chitin was used also for crab chilm in the same 
batch type suction oaper machine 

Tab'e I below shows the thickness and the weight per unit area of each of the prepared sample sheets of squid 
chitin and crab chitin 

Table I 





Thickness (u.m) 


Weight per Unit Area (g/cm 2 ) 


Squid Cmtin Sheet (1 ) 


15 


10 5 
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Taoie I : continued) 



25 



30 



40 



50 





Thickness lumi 


Weigrt per Uni: Area ig :m 2 


Sauid Cnitin Sheet \2) 


27 


21 9 


Squid Cnitn Sheet (3'i 


46 


44 5 


Crab cn tin 


35 


21.9 | 



Some of the resets of analvsis of tne sanples of squid ch.tn and crab chitm will be described ,n aetail ^re-nafter 
Sb e , be ow snows me stiffness of each of the samples obta-ned as a result o, a bursting srength test, a .ensue 
st-ength test and a taar.ng resistance test and the dyrarmc Young s moculus of the sample 

Table I 



15 




Weight per Unit 

ig/m 2 ) 


Breaking Length 
(km) 


Bursting Strength 
kP-m 2 /g 


Tearing 

Resistance kN- 
m 2 /g 


Stillness 




Squid Shitm 
Sheet (1) 


21.9 


6.9 


6.9 


37 


12 


20 


Crab Chit'n Sheet 


21 9 


7 9 


3.8 


immeasurable 


66 



As seen from the aoove table, while eaoh of the squ,d ch.t,n sheets showed a break.ng length subs anally equal 
to tha of the rab oh,„n sheet, ,s bursfng strength was twice as great as that of the crab chit.n counterpart and t 
PannoTesistance was more than tO* t.mes greater than that of the crao cnitm sheet. (The teanng resistance of the 
cr^ch m ^ hee^was a Action of a unit and hence ,s not shown ,n Table h ) On the other nand ,t showec a suppleness 
™ than tl (SHimes greater than the crab chit.n sneet. The difference may be based on the structura: difference 

structure that chitm may take and aiso on the above ^scnbedfact that the 
k h?„n « n , rhmn whereas the squid chitm is p-chii.nwh.ch is different from a-chitin in terms of crystal structure. 

"^^^^^^^^ and a burs,in9 stren9,h - nslderab| v ^ ,han ,h h ose 0 ' ,h , e "1 

chit. ormer s , ve times more supple than the latter as shown ,n Table I. These properties on the part of squ.d 
ch n makls Tvery suited for the wound ,f it » used as a skm subst.tute Addmonally. the squid chitin ,s more advarv 
taioS over the lb ch.tm because, unlike a sheet ct crab ch.tin. no paper making process is requ,red to produce a 

Shee No 0 l S me d f, C sh sL collagen the other component of a sk,n subst.ute acco.ding to the .nvention. w„l be described 
m iprms of the manufacturing process thereof 

jZ marine products process.ng industry procuces a, an enormous rate mdustr.al wastes such ^ 
heads and internal organs of prccesseo fish. In view of the fact that marine products are usee solely as foods at present 
t wiTb a ma or breakthrough ,f any of these wastes can be used as resources for produc.ng new products The 
collaqen contained ,n the skin of saimon. trout and other fish attracts attention from this point of view 

As s 1 known a collagen molecule composes peptide chains having no helical structure at the oppose 
term, a wh ^a e called te.opept.de Telopept.de contains 12 to 27 ammo acd res.dues and ,t ,s believed tha .Uh. 
antTqen .city of collagen ,s activated by these chains. Therefore the telopeptide of collagen has to oe elim.nated before 
Jo iaqer is used for hving organisms and a methoc for ehmmafng the telopept.de .s treating ,t w„h pepsin 

Now the ec hnipue used for producing collagen of salmon skm for the Purpose of the nvent.on w„l be aesc-ibed 

below 

1 , Defatted salmon skin was put into a 0.2M acet,c acd solution to a ratio oM 1 5 ( w: v) and the m.xture was stirred 

imhtlv anc left a ! 4°C for three (3) days 

S™ e salmon .kirvacetc acd solution was diluted by another 0 2tV acetic acd solut.on anc sub.ected to a cen- 
tnfunal orocess with 30 OOOq at 5°C for 30 minutes 

3' Peps'n was added to the supernatant by relative to the substrate ,n order to treat the latter w„h pepsin 

?Th 4 e h °ea,ed solution was put into a dialyz.ng diaphragm and subjected a salting^t V^g™*™* 
sod um chlorde for 43 hours and the -eaction product was sub|ecteo to a centrifugal process with SO.COOg a. 5 C 

sT^upematant was removed and the collagen residue was d 1S solved into a 0.2M acet.c acid solut.on at 4°C 

for two (2\ days. 
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Si The solution of 5i was put into a diaiyzmg diaphragm anc the steDS 3) througn 5 1 were repeated three ( 3) times 
7 1 The ref ned collagen soiuiior was put into a diaiyzmg aiapnragm again ana aialyzea in:o atst Ilea water 
5) The perfectly nejtrahzed col.agen solution was freezeOned to prepare a dried sample 

The properly of the obtained salmon skin collagen that seemed most important to :he present nvent on may oe 
that its tnermai denaturation temperature is consideraoly lower than that of bovine skin col.aqen 

More specifically collagen nas a trpie helical structure cf three polypeptide chairs with moiecuiar weight of about 
100 000 ard the structure s stabilized by the hydrogen bends binding the polypeptide cnans As it is heatec. the 
hydrogen Ponds are broken to produce geiatm having a random coil structure At this time the collagen greatly changes 
ro its phys.cal properties including the viscosity of solution and the optical rotation as a result cf thermal denaturation 
The temperature at which such thermal denaturation occurs is one of the essential properties of collagen The specimen 
of saimon skin co:lacen obtained by the above described technique was disintegrated into an acetic acid buffer solution 
of ph 5.0 to a concentration of 0.5°o and the temperature of the solution was raised from 4°C. observing the viscosity 
by means of an Ostwald viscometer to determine the thermal denaturation tempera ture. Fig. 1 shows the obtained 
7 5 result to- the relationship between the temperature and the viscosity As shown in Fig 1 the viscosity drops dramatically 
at temperature between 1 5 tc 2C°C 

In other words, the thermal denaturation temperature of salmon skin collagen is aDout 16 to 1S°C. which is re- 
markably lower thar the comparable temperature of oovme skin collagen or about 37 to 3S°C It is known that the 
denaturation temoerature of collagen is closely related to the organism it originates from and the above fact may be 
20 explained by that salmon is a fish living in the cold tidal current 

As for the salmon skin collagen its hydroxyproline content is enly two-thiras (2/3) that of calf skin collagen (cena- 
turation temperature 37°C). Since hydroxyproline participates the intramolecular hydrogen bond, the low rydroxypro- 
line content may provide one of the causes of the low denaturation temperature of salmon skin collagen 

The solution of salmon skin collagen is gelled quickly at temperature below 4°C and pH 7 5 and the melting point 
25 of the produced gel is about 3 6°C Or, the other hand, the calf skin collagen is not gelled until the temperature rises 
to 37°C As described above, this fact may ba explained oy the fact that salmon is a fish living in the coid tidal current 
and the saimon skin collagen forms stable collagen tissue at about 15°C. Thus the hydroxyproline content is also 
related to the gel point of collagen A skin substitute according to the invention and comprising a squid chitin sheet 
and a layer of fish skin collagen is used by directly applying the squid chitin sheet to the suriace of a wound Therefore 
30 the squid cnitin is required to encourage the proliferation of the fibroblast comprised in tne dermis in order to neal the 
wound The process of proliferation of ceils starts as the cells adheres to the tissue and/or the matrix Thus, a large 
number of cells have to be caused to adhere to the tissue and/or the matrix for proliferation On the other hand, cells 
should not be transformed into cancer cells before they proliferate Taking these matters into consideration, the number 
of ceils, the number of proliferated cells and the DNA labeling index of cells were ooserved on a skin substitute sample 
35 as will be described hereinafter 

Fibroblast cells were subjected to an operation of passage culture More specifically, as cells multiplies to com- 
pletely cover the wall of the culture vessel with a layer of cells or the culture vessel is overpopulated witn cells, the 
overpopulation has to be dissolved by transferring some of the cells into another culture vessel to form a suocutture 
and this transfer operation is referred to as passage culture. For passage culture, an even suspension of cells is 
40 prepared by taking the cells from the original culture vessel and. after counting the number of the cells, the suspension 
is diluted to an appropriate concentration and moved into a new culture vessel. 

For the purpose of the invention, fibroblast cells were culturec in the following manner 

1) The medium of a flask (with a bottom of 75cm 2 ) containing fibroblast cells was sucked by means of a Pasteur 
45 pipette 

2) The inner oottom surface of the flask was washed with a 1 5ml of Hanks' BSS w/o Ca 2 *Mg 2 + three i3) times 

3) A 1 0ml of 0 C5°o Trypsin EDTA (0.5^ Trypsin 53mM EDTA-4Na 1 1 m + Hanks* BSS 9mh was put into culture 
f ask. incubated lor five (5) mm and tne fibroblast cells ware separated from the bottom cf the culture vessel 

^) The suspension of cells was piDetted 10 times and a iml of FCS was added thereto as single cells and the 
so mixture was centrifuged at a rate of 1.000 to 1 SOOrpm for five (5) minutes 

5) The supernatant was sucked by means of a Pasteur pipette and put into a 12ml of culture medium solution A 
lOOul of the medium carrying cells therein was taker and diluted to 20ml by Isoton II 

6) The number of the cells found with a diameter of 10 to 30um in a 500ul of the diluted solution was counted by 
means of a Coulter counter Part cf the remaining suspension of fibroblast cells was used to transplant fmroblast 

55 cells into a culture flask so that the 75cm 2 bottom of the flask was populated at a rate of 104 cells/cm 2 Then the 

f;ask was filled with a 20 to 30ml of culture medium solution 

7) The flask was put into a C0 2 incubator controlled to 37 0°C and C0 2 5% 
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As descnoed above tne mater-als of the skin suostitute used on a wounc exert a great influence on the CLre 
mo wound because the sK-n suostitute ,s a,rec:ly held in contact with the surtace ct the wouna ,n the regenerate 
process of the sKin of the pat en: Fartcutany the pro iteration of fibroolast .s a major booster for the regeneration of 
aermis If the dermis is totally aestroyea if locai y it cannot be regenerated and keloid appears on the aamacea area 

:o replace the dermis , , 

'n the pro-ess of proliferation of fibroblast each fibroblast cell adheres to the matnx and expanas to a starlike 
form which is characteristic to the fibroblast, and then contracts as it is separated from the matrix at an ena before it 
,s diviaed into two which then adhere to the matrix Thus n order for a wound covering materal :o encourage the 
fbroblast to proliferate fibroblast cells have to adhere properly to the wound covering material In an experiment the 
r.umoer of the cultured t,brob:as, cells (passage betweer 4tn and 8th) adhering to a sk,n substitute .wound covering 
material) was counted by means of a Coulter counter 

Three skin substitutes comprising squid chitm sheets with respective we.ghts per unit area of 1 0. 2C and 40 g/cm< 
and a coat layer of fish skin collagen were prepared as specimens for the above experiment Adcticnaliy an ateoco- 
llaqen f, m was usee fo- comparison (See Table III.) The number of the fibroblast cells on the cr.itin sheet of each of 
the specimen was counted at regular intervals (Attachment) The experiment will be described below 

1) Atte- the above described operation ot passage culture, the culture medium was replaced every three days tor 
eacn of the specimens and tne fibroblast cells culiured for 10 to 14 days were separated from the culture medium 
by means of trypsin and collected by means ot a centrifuge. 

2 A cell suspension was preparea for each of the specimens by stirring collected pellets ,n a culture medium 
3) The ceils ,n the suspension was counted by means of a Coulter counter and fibroblast cells were acded until 
tie cell concentration got to 50.000 cells/cm 2 

^ A 2ml of the liquid culture was then left >n an environment of 5% CO, and 37°C for 3. 6. 24 and 4= hours for 

observation ^ , ^_ n 

5) After completing the culture operation, each of the specimens was washed three (,) times and the cells were 

separated by a 2ml of Trypsin EDTA. 

6) The cells with a diameter of 1 0 to 30um were counted by means of a Coulter counter. 

F,q 2 shows the number of fibroblast cells counted three (3) hours and 24 hours after the start of culturmg for each 
of the chitin sheet specimens When counted three (3) hours after the start, half of those adhering to a collagen film 
for culturmg tissue cells for any of the chitm sheet materials but a laminate of a squid cnitin sheet and a ahionskin 
collagen coat showed a number of cells adhering thereto that equaled to 90% of the ceils on the collagen film When 
counted 24 hours after the start, the ratio of the cells on the chitm sheet to those on the collagen f.lm was only 80 ,„ 
for any of the chitm sheet materials to prove that a chit.n sheet can poorly hold fibroblast cells In oroer tor a wound to 
encourage the skin to be regenerated there there needs a substrate on which fibroblast cells proliferate and. ,f a skin 
substitute is used it nas to take the role of such a substrate A squid chitm sheet can dramatically increase the number 
of tibroplast cells adnering thereto if it is coated with salmon skin collagen or calf skin collagen 

A fibroblast cell expands to a starlike form in the course of proliferation. More specifically the proliferation starts 
after the expansion to a starlike form. Since the proliferation of cells significantly depends on how they adhere to a 
substrate the specimens were observed through an optical microscope to see the mode of adhesion of cells For this 
observation fibroblast cells were cultured on a chit.n sheet as in the case of the Attachment. Thereafter, the following 
operation was carried out 

1 ) The chitm sheet was taKen out of the culture medium with fibroblast cells adhering thereto and washed with PBS 
2i The fibroblast cells on the washed chitm sheet were fixed tor one ( 1 ; hour with 70°o EtOH 

3) The ethanol was completely removed and the specimen dyed with hematoxylin 

4) The specimen was observea to see how cells were adhering to the chitm sheet 

As a result of the observation using an optical microscope, it was found tnat the starlike expansion of fioroblast 
cells was poorly observable on the chit.n sheet using oniy squid chitm and the cells were globular as ,f they were in 
solution On the other hand the starlike expansion of fibroolast cells was clearly observable on the chitin sheet carrying 
a coat cf fish skin collagen or calf sk.n collagen If viewed with the result of tne observatK>n on the number of cells 
adhering to each of the specimens described above it woula be clear that collagen operates more effectively as a cell 
earner than squid chitm Although it is believed that chitm ,s antibacterial and hence effective for curing wounds, it is 
not particularly advantageous for causing adhesion of cells but the d.sadvantage can be remedied by using it with a 
collaqer coat layer 

The chitin produces lysozyme to provide an environment good for the protect.on of living organisms but does not 
particularly encourage the proliferation of fibroblast cells On the other nana the collagen actively adheres cells ,f the 
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collager molecules shows a fibrt structure Ito croduce fionlsl it is said that it can suppress the proliferation ot cells 
It has been reposed that a solution ot calf skin collagen or human placenta collagen produce fibroblast cells in a 
phys.oicgically active environment and is gelled The collagen shojld meet :he requirement of taking the role of struc- 
turally maintaining living organisms as protein in a physiologically active environment In view of this property on the 
part of collagen it is quite prooabie that the collagen originating from a foreign creature does not produce f Ibr.is n the 
numan body in a physiologically active environment nor suppress the proliferation of cells Thus specimens of a lam- 
inate of a squid chitm sheet and a salmon skin collager coat were prepared and the cell proteferation pattern was 
observed on the specimens aiong with other skin substitute specimens 

In this experiment fibroblast cells of the 4tn through 8th passage cultures were usee and the proliferated cells 
were counted on each of the tested skin substitutes (wound coverng materials) by means of a Coulter counter 

Cells are made to adhere to the specimens at a rate of 5.000 cells/cm 2 and the multiplied cells (growth) were 
counted The growth on each of the squid chitm base sheets having different thicknesses was observed for comparison 
As a control, a coilagen film for cultunng epidermal cells was used. Coat layers of Different types of collagen were used 
for comparison Base layers of chitm originating from different sources were also used for comparison 

The experiment was conductec in the following manner 

1 ) After an operation of passage culture the culture medium was replaced every three days tor each of the spec- 
imens and the fibroblast cells cultured for TO to 14 days were separated from the culture medium by means of 
trypsin and collected by means of a centrifuge 

2) A cell suspension was prepared for each of the specimens by stirring the collected pellets in a culture medium 

3) ^e ceils in the suspension was counted by means of a Coutter counter and fibroblast cells were added until 
tne cell concentration got to 5. COO ceils/cm 2 

4) A 2ml of the liquid culture was then left in an environment of 5% C0 2 and 37°C for 2. 4. 5 and B days for 
observation 

5) After completing the culture operation, each of the specimens was washed three times and the cells were 
separated by a 2ml of Trypsin EDTA 

6) The cells with a diameter of 10 to 30um were counted by means of a Coulter counter. 
Fig 3 illustrates the result of the experiment 

The specimen comprising a squid chitin sheet and a salmon skin collagen coat layer and the one comprising a 
squid chitin sheet and a calf skin collagen coat layer showed a substantially same and normalcell proliferation pattern 
The thickness of the chitin sheet did not show any relationship with the proliferation activity of cells. As shown in Fig 
4. the proliferation was boosted by using a coat layer of salmon skin or calf skin on a squid chitm sheet. While the cell 
proliferation on a laminate comprising a salmon skin collagen coat layer showea an ideal Dattern the one on a laminate 
comprising a calf skin collagen coat layer showed a delayed initial rising phase The salmon skin collagen returns to 
an amorphous state at 37°C in a physiologically active environment, the calf skin collagen remains in a fibrous state 
under the same conditions. Since fibrous collagen operates to suppress the proliferation of cells, the coat layer of the 
calf skin collagen in a fibrous state must have delayed the initial rise phase of cell proliferation Thus a skin substitute 
comprising a salmon skin collagen layer is more effective than its counterpart comprising a calf skin collagen layer 

However, it should be noted that cells do not necessarily proliferate normally at all times Particularly when cells 
proliferate at a high rate, the DNAs in some of the cells may be damaged in some way or other to transform those ceils 
into cancer cells. Therefore, the cells on each of the skin substitute specimens were checkea for transformation that 
might be attributable to the chrtin sheet and/or the collagen of the specimen DNAs were synthesized in vrtro in a culture 
medium containing 5-bromo-2-dioxyundine (3rcU) by means of an immuno-histo-chemical technique to visualize the 
cells after tne S-stage {DNA synthesizing stage) and the DNA labeling indexes were observed 

The techniques used tor the above observation will be described below 

Cell Culture 

1 } Fibroblast cells taken from the human dermis were planted on the 75cm 2 large bottom of a flask at a rate of 1 04 
cells/cm 2 and cultured for two (2) weeks Thereafter they were washed with 15ml of Hanks' BSS w/o Ca 2+ + Mg 2 * 
tnree times 

2) The cells were separatee by means of Trypsin EDTA (0 005° o ) anc collected by means of a centrifuge The 
collected cells were suspended in an MEM with 1 0° o FCS and 1 °o PC-3T and p;antcd on each of the specimens 
to a concentration of 50.000 cells/cm 2 

3) The cells were then cultured for 24 hours in a 5°o C0 2 environment 
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sauare cieC e was cut from each of the spec.mens ana a 1 0°. thermally -mmocle fetai call serurr was 
aaaed thereto The m,x,ure was men ou, into a via, containing nuceosice-ana-nucetiae-free «-MEM to wh.cn 

r^he f^enZ replaced by a mixture o, 95% C : ana 5% CC 2 anc .hereafter the via, was Cosed by 
means of a tenon rubber cap The interna, pressu-e was ra sed to Uree ,3, atms ana the cells were mcucated lor 

one (V hour at 37°C in a shaking water oatn 



Immuno-histo-chenistry 

- , After wash,nq each of the labeled t,ssues w,tn PBS for 1 0 m.nutes. the cells were separated from the unaerlymg 

iayefo^eans^Tryps.h EDTA (0 005%> ana cennl uged for five ,5, m.nutes at a rate o. 1 503 rom , he collected 

pellets were then scattered on a slide glass nM .. 

2) The tissue was then incubated in 2N HCI at room temperature for 4C minutes to denature the DMAs 

3 The Sated tissue was then wasned wrth pH9 PBS and pH7 4 PBS and diluted with an anti-BrcU -onoConal 

alLo" Tan'-BrdU) (.mouse igG', to a ra..o of 1 100. Thereafter. , was incubated ,n a mo,st chamber at room 

temoerature 

£\ The tissue was washed with PBS tor 30 minutes 

5) The ussue was then incubated by means ot a b.ot,n marking rabb.t ant,-mouse IgG antibody 'or 20 minutes 

6) The tissue was washed with PBS lor 30 minutes 

7) The tissue was then incubated by means of peroxydase marking streploavidm 

= ) The tissue was washed with PBS for 30 minutes Dn5/ , nml 
l\ The antibody b.ndng section of the tissue was v.suahzec by means of d,am,nobenz,d,ne ,50ml PBS^Oml 
distilled water/33u.l H 2 0 2 /3mg aianinobenzidme for '0 minutes.) 

in the DNA synthesis in vitro, part of the skin cells were cultured ,n a culture medium containing bromodioxyuridmc 
,5-b omo 2" daoxyundine) to be more accurate twhicn makes nucleic a=,d functionally moperat-ve by surrounaing rt 
wrth a DNA synthesis inhibitor. In a living organism, it ,s taKen into DNA as a substance resembling thymicne and 
nduces a mutation oecause ,t g,ves nse to mispainng with guanos,ne, and. thereafter, the nucleus of eacn cell ,s 
lanPled after the S-stage A malignant disease tends to raise the DNA labeling index 

n a recen report ?he synthesizing veioc.ies of tumor cells cultured on different media in v„ro under high pressure 
,n an environment o. 95% 0 2 and 5% CO, were compared. Table III below shows the result of an experiment carried 
ounn" Tanners described above ,n vtio under high pressure where the technique of BrdU labeling was used 

Table III 



DNA Labeling Index of Human Skin Cells 


Sample (Number ot Samples) 


Labeling index 


Calf Skin Collagen Hm (3) 


1 3±0.4% 


Squid Chitm Sheet (3) 


1 0±0.1°u 


Laminate of Squid Chitm/Satmon Skin Collagen (4) 


1.7+0.5% 


Laminate of Squid Chitm/Calf Skin Collagen (3) 


1 5±0.5% 


Normal Skin Cells (4> 


1 4±0 4°o 


Bowen's Disease Cells MO) 


7 7±1 4°o 


Ordinary Cancer Celis (5) 


6.5+1.2% 



As seen from Table III above, tne labeling indexes on the squid chilm sheet, saimon skin collagen coaled squid 
chitir sheet and calf skin collagen coated squid cn„m snee. were substantially equal to that of fibroblast eel so. ordinary 
human sk!n withm an allowance -15°, On the other hand, the Bowen's disease cells and the Basal Cell Carcinoma 
shTwed respective DNA labe.mc indexes that are more than five ,5) t,mes greater than that o. the normal skin cells 
Thus the!e was no ,nq,cat,on that the proliferation of fibroblast cells on each of the skm substitute specimens was 
boosted by transformation into cancer cells 

[Advantages of the Invention] 

As oesenbed above ir detai, according to the ,nvent,on there ,s provided a laminate of a squid chitm sheet and 
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2S 



a fish skin collagen coat layer tD effectively exploit the suppleness ana the effect of proviang an environment for 
encojrag.ng the production of ivso/vrre sna defending the wound of squid chitm ana at the same t me compensate 
the disadvantage of poor adhesion of fibroblast cells that operate tcr cjnng the wound and that of not causing the 
f.Droblast cells achenna thereto to expanc to snow a starve form Additionally while the fibroplast calls acnenng to a 
iamirate of a sau.d chitm sneet and a f.shsmn collagen coat ayer showed a normal cell proliferation curve those 
adhering tc a laminate of a souic chitm sneet and a calf skin co:lacen coat layer showec a delayed initial rising pnase 
to prove the fo-mer more satisfactory Tms is because lie saimon skin collagen ,s amorphous in a physiologically active 
state wnereas the calf skin collagen produces collagen tissue and suppress the prolferation of fbrooiast cens as 
contrmed by an experiment using various collagen coat layers arranged on a Petri dish Therefore .1 can be safely 
cone uded tha: a laminate of a squid chr.m sheet and a fish skin collagen coat layer .s highly effective as a skin suosutute 
Finally by odservinc the DNA laoelmg indexes of various samples, it was found that a squid chitm sheet, a laminate 
of a squid chitm sheet anc a f.sr skin collagen coat laye^ a laminate of a squid chitm sheet and a calf skin collagen 
coat layer and the normal human skin showed a substantially same value forDNA labeling index Tnus. again it can 
also oe safely concluded that a laminate of a squid chitm sheet and a fish skin collagen coat layer is highly effective 
as a skin substitute 



Claims 



20 1 . A skin substitute using marine organisms and comprising a sheet of squid chitm as a supstrate and a laminar layer 
of fish skin collagen laid on the substrate 
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